AD-A210  786 


-,■■■■  3 

OFnCE  OF  NAVAL  RESEARCH 

Contract  N00014-88K-0360 
R&T  Code  B41C004DAR01 

Technical  Report  No.  3 

Cell  Performance  of  Ultra-Thin  Polymer  Cathode  System: 

Theoretical  Energy  and  Power  Density  Projections 

by 

Katsuhiko  Naoi,  Boone  B.  Owens  and  William  H.  Smyrl 


Prepared  for  Publication 


in 


Extended  Abstracts,  176th  National  Meeting  of  the  Electrochemical  Society, 

Hollywood,  Florida,  1989 


Corrosion  Research  Center 

Department  of  Chemical  Engineering  and  Materials  Science 
221  Church  St.  SE 


University  of  Minnesota 
Minneapolis,  MN  55455 


June  15,  1989 


Reproduction  in  whole  or  in  part  is  permitted  for 
any  purpose  of  the  United  States  Government. 


OTIC 


ELECTF 

AUG041989 

0® 


This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 


imaHoacuiaiaii 


REPORT  DOCUMENTATION  PAGE 

1*.  REPORT  security  classification 

Unclassified 

lb  RESTRICTIVE  markings 

2a.  security  classification  authority 

3  DISTRIBUTION/ availability  OF  REPORT 

2b  declassification /DOWNGRADING  SCHEDULE 

Unclassified/Unlimited 

4  performing  organization  REPORT  NUM8ER(S) 

ONE  Technical  Reoort  3 

S.  monitoring  organization  REPORT  NUMBER(S) 

6*  NAME  OF  PERFORMING  ORGANIZATION 

Dept,  of  Chem.  Eng.  &  Mat.  Sc 
Corrosion  Research  Center 

6b  OFFICE  SYMBOL 
(If  ipolicibit} 

7a  NAME  OF  monitoring  ORGANIZATION 

Office  of  Naval  Research 

6c  ADDRESS  {City,  St»tt,  ind  ZlPCodt) 
University  of  Minnesota 
Minneapolis,  MH  55455 

7b  ADDRESS  (Gty,  State,  and  ZlPCodt) 

800  North  Quincy  Street 

Arlington,  VA  22217-5000 

3*.  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 

Bb  OFFICE  SYMBOL 
(If  ippUctbit) 

9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

DARPA/ONR 

Code  1113 

Contract  No.  N00014-88-K-0360 

'0  SOURCs  OF  ='JNOiNG  I'JUMaeRS 


PROGRAM 
ELEMENT  NO 


PROJECT 

TASK 

NO 

NO 

at  AOORESSfOty,  5Mf*,  ind  ZlPCodt) 


800  North  Quincy  Street 
Arlington,  VA  22217-5000 


n.  TITLE  (Induct  Stfunry  OiUi^'tition) 

Cell  Perforsance  of  Ultra-Thin  Poly»er  Cathode  System:  Theoretical  Energy 
_ and  Power  Density  Projections 


12.  personal  AuTHOR(S) 

Katsuhiko  Haoi,  Boone  B.  Owens  and  William  H.  Smyrl 


13*.  Tvpg  OF  report 
Technical 


16.  SUPPLEMENTARY  NOTATION 


13b.  TIME  COVERED 
SROM  7/88  TO  6/89 


14  DATE  OF  REPORT  (Yttr,  Month,  0»y)  IS.  PAGE  COUNT 

89/06/15 


176th  Meeting  of  the  Electrochemical  Society,  Extended  Abstracts,  October  1989 


_ _ COSATl  COOES _  18.  SUBJECT  TERMS  (Continue  on  rtvtrst  if  ntctSSJry  ind  idtnrify  by  block  numbtr) 

F'ELO  i  GROUP  I  SUB-GROUP 


19  A8E7SACT  (Continue  on  reverie  if  ntcesstry  .tpd  idtntify  by~tijack  numbtr} 


'j 


QVvC  S- 


Theoretical  energy  and  povetl  density  values  for  thin  film^^/liquid/electrolyte/ 
polymer  cell  systems  were  calculated  by  designing  a  specific  cell  model./for  both  a 
prismatic  cell  with  only  the  basic  cell  elements,  (no  hardware)  and  a  bipolar-design  cell 
with  some  idealized  practical  hardware.  The  cell  performance  is  compared  for  three 
different  cathode  polymer  siaterials,  viz.,  polyaniline,  polypyrrole,  and  polyvinylferrocenc 
The  energy  and  power  densities  are\  estimated  as  a  function  of  cathode  thickness,  active 
cell  area,  and  initial  concentrati^p^f  electrolyte  for  very  thin  cathode  films 
(cathode  thickness:  l'^'  1  to  lO(]^f0  in  both  single  cell  and J> i^lar  designs.  The 

energy  and  the  power  estimated  at  Wh/kg  anddOU  kW/kg  for  l^^m  cathodes.  Problems 
of  battery  manufacturing  process  were  not  addressed.  \  ; -v  ^ 


20  DISTRIBUTION /availability  OF  ABSTRACT 
SIUNCLASSIFIEO/UNLIMITEO  □  SAME  AS  RPT 


22*  NAME  OF  RESPONSIBLE  .NOIViOUAL 

Boone  B.  Owens 


21  abstract  security  classification 
□  otic  USERS  Unclassified 


22b.  TELEPHONE  (/nt/uU*  ArttCodt)  22c.  OFFICE  SYMBOL 

(612)  625-1332 


00  FORM  1473. 34  .MAR 


33  APR  coition  m*y  00  uMO  until  ounoustcd. 
All  other  tditiont  *re  obioleto. 


SECURITY  CLASSIFIC 

Unclassified 


ITION  OF  TmiS  page 


r 


Cell  Performance  of  Ultra-Tliin  Polymer  Cailioile  System: 

Tlieoreticil  Energy  anil  Power  density  Prnjeciir>n< 

KamihiVn  Naoi.  Boone  B  Owens  and  William  M,  .Siiiyrl 

OepanTnent  of  Oiemical  rncmeenng  &  Materials  .Science. 
Corrosion  Research  Center. 

L'niversiiv  of  Minnesr>t.a 

::i  Church  St.  .SE.  .Minneapolis.  MN  554.VS.  U.S.A. 


<  onducting  polsmers  as  well  as  polymeric  redos  materials  are 
rec  irTled  to  have  high  eleciroactiviiy  in  organic  liriind  electrolytes. 

I  licse  materials  can  he  niilired  as  one  of  the  promising  camlMlales 
for  caihixle  materials  m  future  rrchargeahle  cell  systems.  Polymer 
c  iihixle  cells,  in  general,  are  known  to  have  a  lower  energy  ilensiiy 
vlien  compared  to  inorganic  intercalation  materials  such  .as  the 
os 'lies  or  siiirides  of  l  i.  Mo  and  V  However,  this  type  of 
coo, liicnng  polvmer  material  eshihits  very  fast  kinetics  in 
CSV  hanging  eleciroos  as  well  as  ions  during  the  charge/discliarge 
privess  I  lie  rapid  kinetics  slmnld  lead  lo  high  power  densities.  .So. 
ihi<  ivpe  of  polymer  maienal  is  consiilered  to  he  high  power  material 
rather  'han  high  energy  material.  The  present  paper  reports 
iheorrl'cal  c.alcul.aiions  of  specific  energy  and  specific  power  for 
secondary  lithium  cells  using  three  different  polymer  caihryle 
marenals.  vie.,  polyaniline,  polypyrrole  and  polyvinylferrtKene 
Ihc  particular  emphasis  of  this  paper  is  lo  indicate  hrsw  much 
energy  or  power  one  may  ohiam  from  these  polymer  materials  and 
the  opiintiim  conililions  for  ceri.iin  of  the  fiindanKiiial  cell  design 
par.imeters  including  thickness  and  area. 

f  ''lit  Cell  w  ttli  CrII 

The  theoretical  energy  and  power  density  calculations  are 
relatively  straightforward  for  a  prismatic  cell  withryil  hardware  or 
separator  The  table  beirtw  siimtiiarires  the  values  of  ED  and  PDmM 
fi'r  three  different  Li/polvmer  caihrxle  cell  systems,  where  the 
rhivkness  of  each  cathode  is  fixed  at  I.  10  and  I00|jm.  Balanced 
f  (ei  tmtles  were  assurrsed. 

The  masimum  power  density  is  obtained  at  the  half  v.iliie  of 
toll  ige(Eoe/2)  and  eurreni(l/2)  in  the  Irrad  Curve  where  rmly  the 
e lev  irolyie  pdanzation  is  taken  into  .accoumi  1 1. 

Pri  'Its  *  \  .  where  p  is  the  resistivity  of  the  electrolyte. 

I  e  IS  the  electrolyte  thickness,  ami  S  is  the  area  of  the  eleclrrnle.  If 
one  consitlers  .1  cell  with  a  capacity  of  I  Taraday  (96?<k1  coukntihs. 
•  T  >■  S  Ah),  die  for  a  l.i/ tM  I.iClfltll’O/l’olymef  cell  can  be 
■  lerived  from  caiho^  weight. 
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A  practical  cell  craifigufation  would  consist  of  the  cell  pi"* 
some  basic  hardware.  The  energy  and  po^r  densities  for  hipolaf- 
design  cell  which  consists  of  (X*l )  cells  in  aeries  were  calcuiatetL 
There  are  X  hi^ar  cells  plus  the  terminal  electrodes:  this  type  of 
cell  reduces  to  a  single  prismatic  cell  design  when  the  notnher  of 
bipolar  units  ate  equal  to  0.  The  following  assumptions  were  mode 
for  this  battery  design;  (t)  ff,  (excess  factor)*  .1.  f.e..  Qti 
“•'ycathodc'  terminal  Ni  electrrxle  25  pm  f  I  mm  wtsler  than  Rcetl)* 
(.i)  Current  collector  in  bipolar  unit(AI)  ihickness*20%  of  Lcell 
t  liiim  wirier  than  Rcelt)-  CasetSyntheiic  resin)  Rose  •  l^rrtl  *  2 
irmi.  where  Rcell  tlw  radius  of  the  circular  cell. 


Suflac®  Area  •  S 


Ihe  above  figure  shows  the  battery  cnnvuuction  cl  'lie 
hipniar  eicctroile  celts  which  were  used  for  the  cm  cjv  and  pc  ■  ,t 
calculatiiinv  of  the  Li/Pdymef  caihixle  cell  sysiem.  S-  paraiorv  w  n- 
ig’icicd  fer  these  conclusions.  Two  kinds  of  hardwme  are  inclu.lcd 
in  this  IV  pe  of  cell,  nanyly.  the  ciiircnt  collectors  and  the  case  "  ill 
Ttir  current  collector  involves  the  plates  of  Ni  iind  die  A1  bipcl.ir 
iuir-  cell  connector  I  he  Ni  current  collector  is  iiiin  h  harder  ami 
mot',-  dense  than  the  Al  current  collector,  and  is  suited  foi  ilir 
trniiinal  electrrxle.  On  the  other  hand,  the  Al  current  collector  is 
rtxm-  flcsihle  anri  lighter,  and  the  thickness  was  assniued  lo  he  'H'T 
of  the  active  cell  ihickncss(|.^jll).  unless  the  l<cH  ^  M"’'  "'cn 

the  thickness  of  Al  was  fixed  at  .K)  iim.  For  the  vvall  material,  the 
authors  assumed  a  synthetic  resinfd«II.R  g/cm^),  Ihni  encapsulaied 
the  entire  cylinsirtcal  battery.  Por  the  elecimlyie  solution.  4  ,NP 
Lirif)|iPC)fiT*5  Ox  H>‘5  S  enr’)  w.is  assumed  in  the  fully 
discharges!  slate  of  the  cathode. 
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The  above  figure  shows  the  best  values  for  specific  energv  .md  OP 
power  for  the  hipolar  ilc'ign  battery  Tly  PD  ainl  PI)  values  esiu'ui 
maxima  al  reverxe  direciioos  in  lennx  of  catlvxle  ihickiyss. 
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